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Abstract. Sunlight causes photoionization of atoms and molecules in planetary and cometary 
atmospheres, producing photoelectrons. These cause further ionization, yielding secondary 
electrons. Electrons in the solar wind, often accelerated by magnetospheric processes, also 
produce ionization and secondary electrons. In each case the secondary electrons lose energy in 
further interactions, including dissociation and electronic and vibrational excitation. Radiative 
decay of the excited species produces light emissions, such as dayglow, nightglow and aurora. 
Excitation energy can also be lost in collisions between excited molecules and neutral species, 
sometimes initiating chemical reactions. Thus electron-driven processes are important in 
determining both the energy balance and composition of planetary and cometary atmospheres. 
 
Simulation of these processes requires accurate atomic and molecular data, such as electron 
impact cross sections for ionization and excitation, radiative transition probabilities and 
collisional reaction rates. This will be illustrated by several examples of our recent work in 
which updated measurements [1-4] or theoretical calculations [5] of atomic and molecular data 
were applied to simulations of electron cooling by CO2 at Mars [6], the abundance of CO in 
comet Hale-Bopp [7], electron heating rates in the atmosphere of Titan [8], infrared emission 
rates from CO in the atmospheres of Mars and Venus [9], and 630.0-nm emissions in the 
atmosphere of Europa [10]. Finally, ongoing simulations of emissions from hydrogen in the 
atmosphere of Jupiter will be described. 

REFERENCES 

1. M. Kitajima, S. Watanabe, H. Tanaka, M. Takekawa, M. Kimura and Y. Itikawa, J. Phys. B 34, 
1929-1940 (2001). 

2. H. Kato, H. Kawahara, M. Hoshino, H. Tanaka, M. J. Brunger and Y.-K. Kim, J. Chem. Phys. 126, 
064307 (2007). 

3. M. Allan, Phys. Rev. A 81, 042706 (2010). 
4. D. Suzuki, H. Kato, M. Ohkawa, K. Anzai, H. Tanaka, P. Limão-Vieira, L. Campbell and M. J. 

Brunger, J. Chem. Phys. 134, 064311 (2011). 
5. C. W. McCurdy, W. A. Issacs, H.-D. Meyer and T. N. Rescigno, Phys. Rev. A 67, 042708 (2003). 
6. L. Campbell, M. J. Brunger and T. N. Rescigno, J. Geophys. Res. 113, E08008 (2008). 
7.  L. Campbell and M. J. Brunger, Geophys. Res. Lett. 36, L03101 (2009). 
8. L. Campbell, H. Kato, M. J. Brunger and M. D. Bradshaw, J. Geophys. Res. 115, A09320 (2010). 
9. L. Campbell, M. Allan and M. J. Brunger, J. Geophys. Res. 116, A09321 (2011). 
10. L. Campbell, H. Tanaka, H. Kato, S. Jayaraman and M. J. Brunger, Eur. Phys. J. D 66, 26 (2012). 
 
 


